Abstract-As a promising wireless access standard for machine-to-machine (M2M) networks, the IEEE 802.11 task group ah has been discussing a new standard which is based on the wireless local area network (WLAN) standard. This new standard will support an enormous number of stations (STAs) such as 6000 STAs. To mitigate degradation of the throughput and delay performance in WLANs that employ a carrier sense multiple access with collision avoidance (CSMA/CA) protocol, this paper proposes a virtual grouping method which exploits the random arbitration interframe space number scheme. This method complies with the CSMA/CA protocol, which employs distributed medium access control. Moreover, power saving is another important issue for M2M networks, where most STAs are operated by primary or secondary batteries. This paper proposes a new power saving method for the IEEE 802.11ah based M2M network employing the proposed virtual grouping method. With the proposed virtual grouping and power saving methods, the STAs can save their power by as much as 90% and maintain good throughput and delay performance.
I. INTRODUCTION
Machine-to-machine (M2M) networks, which are composed of power meters and various sensors, are currently attracting considerable attention for the realization of smart grids and smart communities. M2M networks are characterized by a large number of stations (STAs). A wireless medium access standard for M2M networks has been discussed by the IEEE 802.11 task group ah (hereafter we write this abbreviated IEEE 802.11ah) [1] , which is based on the cutting-edge wireless local area network (WLAN) standard such as the IEEE 802.11ac standard [2] . In IEEE 802.11ah, up to 6000 STAs are assumed to belong to an access point (AP). As the number of active STAs increases, the throughput and delay performances of the system are significantly degraded when the carrier sense multiple access with collision avoidance (CSMA/CA) protocol is exploited. In normal cases, this problem does not occur because traffic in M2M networks supposed to be usually light. However, we should consider that temporary traffic congestion occurs. For example, such instances occur when the AP transmits a certain trigger frame to many STAs to collect STA information. Many STAs respond to the trigger frame and transmit their reply data frames. These events cause traffic congestion in an M2M network.
To avoid this performance degradation, several STA grouping methods have been proposed, which can be classified into real and virtual grouping. The first method allocates all STAs into some groups and assigns a communication time period to each group according to a centralized control scheme of the AP to realize the real grouping method. It needs overhead control information to support this scheme. The second method realizes the grouping with a distributed control scheme based on the CSMA/CA protocol. As a virtual grouping method, the distributed coordination function with virtual group (DCF/VG) scheme is proposed [3] [4] . The DCF/VG scheme achieves good throughput performance even when traffic congestion occurs; however, it suffers from a power consumption problem of STAs. According to the DCF/VG scheme, each STA always searches for the allocated slot, which is composed of a channel busy period and an idle period. An STA can transmit its data frame only at the allocated slot. Therefore, each STA always needs to sense channel busy states in order to detect assigned slot boundaries.
To realize an M2M network composed of power-efficient STAs, this paper proposes the IEEE 802.11ah based M2M networks employing virtual grouping and power saving method. Virtual grouping is realized by the random arbitration interframe space (IFS) number (AIFSN) scheme to improve the throughput performance under the condition of many active STAs. An active STA means that it stays at an awake state to transmit data frames. The random AIFSN scheme is proposed for the precise quality of service (QoS) control of WLANs to transmit several types of data frames [5] . We apply this method to the M2M network to realize virtual grouping and improve the throughput performance of a system with 6000 STAs. Moreover, we propose a novel power saving method using the virtual grouping method.
Most STAs in the M2M networks are supposed to be battery-operated sensors. Therefore, power saving is a key issue. The legacy IEEE 802.11 standard supports the power save poll (PS-Poll) technique as a power saving method. In addition to the PS-Poll technique, the IEEE 802.11n standard supports the power save multi-poll (PSMP) technique [6] . Various power saving methods for wireless sensor networks and WLANs have been proposed [7] , [8] . However, these schemes are mostly intended for multi-hop and ad-hoc mode systems. For single-hop networks with a small number of STAs, the PS-Poll or PSMP techniques are usually used to realize power saving.
For power saving of the STAs, the IEEE 802.11ah adopts the PS-Poll technique, which enables non-active STAs to sleep except during the period when they are receiving selected beacon frames. PS-Poll is effective under the usual light traffic conditions; however, it is ineffective under heavy traffic. An active STA that has data frames in its transmission queue cannot enter into the sleep state unless the queue becomes empty. Under heavy traffic conditions, STAs are likely to wait for a long period before the data frames are transmitted. Thus, the power consumption of STAs increases. To solve this problem, the PSMP technique, adopted by the IEEE 802.11n standard, can be used. It is suitable for a small number of STAs, but not for M2M networks that have a large number of STAs, because the PSMP frame length becomes very long owing to the large number of STAs. For example, the PSMP frame length of 6000 STAs is estimated to be 48 kB, which takes approximately 1.3 s to send and receive at a transmission rate of 300 kbit/s. The AP has to transmit and the STAs usually have to receive these extraordinarily long PSMP frames in case temporal traffic congestion occurs, which causes an increase in the STAs' power consumption.
Thus, we propose a new power saving method employing virtual grouping in addition to the legacy PS-Poll technique. The proposed method enables the STAs to save on their power consumption in a distributed control manner.
This paper is organized as follows. Section II describes the virtual grouping method with the random AIFSN scheme. Section III provides the description of the proposed power saving method employing virtual grouping. Section IV evaluates the performance of the M2M network and discusses the effectiveness of the proposed method. Finally, Section V presents the conclusion of this paper.
II. VIRTUAL GROUPING WITH RANDOM AIFSN SCHEME

A. Random AIFSN scheme
According to the random AIFSN scheme, an STA randomly selects its AIFSN value from the interval [AIFSN min , AIFSN max ], prior to every data frame transmission. AIFSN is an integral number, which decides the length of the AIFS as
where slot time = 52 µs [1] . AIFS is a type of IFS, which is used in enhanced distributed channel access of the IEEE 802.11e standard [9] to realize QoS control. The AIFS determined by (1) is expressed as AIFS(AIFSN). For example, AIFS(2) means that the AIFSN value is two. It is equal to the period of the distributed IFS.
To explain the random AIFSN scheme the transmission procedure is shown in Fig. 1 . In this figure, a cycle is composed of an idle channel period and the following busy channel period. According to the scheme, each STA waits for the AIFS time and backoff time before its transmission as well as the IEEE 802.11e channel access procedure. The transmission period is composed of a data frame period, a short IFS (SIFS) period, and an ACK frame period. Two cases could occur during the transmission period: successful data frame transmission and data frame collision.
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B. Virtual grouping
In [5] , the random AIFSN scheme was applied to a system with a small number of STAs to realize the precise QoS control for several types of data transmissions. We applied this scheme to M2M networks with a large number of STAs. As a result, we found that virtual grouping is feasible. The throughput performance is considerably improved with the virtual grouping method, which limits the number of contending STAs in the case of simultaneous data frame transmissions. We define two types of STAs. One is a contending STA that decreases its backoff counter value, and the other is a non-contending STA that does not decrease its backoff counter value during a cycle. In Fig. 1 , STA 1 decreases its backoff counter and detects the channel busy state at cycle 1. STA 2 detects the channel busy state before decreasing its backoff counter. STA 3 decreases its backoff counter to zero and then transmits its data frame. In this case, STA 1 and STA 3 can possibly transmit a data frame during the cycle, but STA 2 cannot transmit. Thus, during the cycle, STA 1 and STA3 are regarded as contending STAs, and STA 2 is regarded as a non-contending STA. In this case, STAs are divided into two groups, namely, contending and non-contending STAs with the random AIFSN scheme. With this scheme, virtual grouping of the STAs is realized. Fig. 2 shows the virtual grouping mechanism. After the data frame transmission, an STA obtains a new AIFSN value. If obtained AIFSN value is small, it is likely to be a contending STA. By contrast if obtained AIFSN value is large, it is likely to be a non-contending STA.
III. PROPOSED POWER SAVING METHOD EMPLOYING VIRTUAL GROUPING
The conventional power saving methods work well under light traffic conditions with a small number of STAs. However, under traffic congestion conditions with a large number of STAs, these methods degrade the throughput and power consumption performance. The objective of the proposed method is to reduce the power consumption of the system under traffic congestion conditions. The key idea of the proposed method is to make the non-contending STAs sleep. The flowchart of this scheme is shown in Fig. 3 for active STAs that have data frames in their transmission queues. First of all, they undergo a virtual grouping process with the random AIFSN scheme to transmit the data frame as explained in Section II. During the virtual grouping process, each active STA experiences either of the states -the contending or the non-contending state -at every cycle. Each STA counts the number of successive non-contending states and enters into the sleep state if the number exceeds a threshold r th . After sleeping for a certain sleep period T sleep , the STA returns to the active state. When an active STA decreases its backoff counter value, it stays in the active state and tries to transmit its data frame. Each STA repeats this procedure until its queue becomes empty. The proposed method realizes the power saving method in a distributed control manner. With a small value of r th , it is easy for the STAs to sleep, although they are likely to lose opportunities to transmit their data frames. The T sleep value is restricted by the IEEE 802.11 standard and the characteristics of wireless sensor devices. With regard to the former, the STAs have to receive the delivery traffic indication maps (DTIMs). Hence, T sleep must be smaller than the DTIM interval which is assumed to be a few seconds. Regarding the latter, T sleep must be much larger than the period required for a sensor device to wake up, which is within a few milliseconds. The computer simulation results are presented in this section. To evaluate the throughput, delay, and power consumption performance, we developed a simulation platform on a Monte Carlo simulation using C++ language, which emulates the IEEE 802.11 protocol as closely as possible for real-world operation of each transmitting STA. The simulation parameters are shown in Tables I and II .
A. Evaluation of virtual grouping
The evaluation of virtual grouping with the random AIFSN scheme is presented. A single-hop network, composed of an AP and many STAs, is considered according to the IEEE 802.11ah system model. For simplicity, a saturated traffic condition is assumed in which the transmission queues of all STAs are always occupied by data frames. Fig. 4 shows the average number of contending STAs with the random AIFSN scheme. The average number of contending STAs is kept very small with many active STAs. In this case, most of the STAs are usually at a non-contending state. When the number of STAs is equal to 6000, the average number of contending STAs is only 16. It enables the M2M networks to improve the throughput performance drastically, which is operated with the CSMA/CA protocol under heavy traffic conditions. Fig. 5 shows the throughput performance under a saturated traffic condition versus the number of STAs. The value of AIFSN max is set 20 in order to maximize the throughput performance with 6000 STAs. The throughput performance of the conventional DCF system decreases with an increase in the number of STAs. On the other hand, the virtual grouping method with the random AIFSN scheme drastically improves the throughput performance. The throughput performance of the 6000 STAs is remains as much as that of the 30 STAs in the conventional scheme. system model. Each STA is assumed to have a data frame in its transmission queue at the start of the simulation to evaluate the temporary uplink traffic congestion state. In this case, as the simulation time progresses, the traffic congestion is mitigated owing to an increase in the number of non-active STAs that have successfully transmitted their data frames. For the sake of simplicity, the AP transmits no data frames or beacon frames during this period. The system performance is evaluated using the two criteria. The first is the maximum delay, which is the required time for all STAs to transmit the data frames. The second one is the consumed energy, which is the amount of energy that all STAs consumes within this period.
2) Simulation results: We shows the improved performance of the system with the proposed method and derive an optimum value for r th . In this section, T sleep is fixed at 100 ms. Fig. 6 shows the consumed energy of the 6000 STAs versus r th . The conventional method adopts the random AIFSN scheme with the conventional PS-Poll technique for power saving. This figure shows that the proposed method reduces the consumed energy by 98% as compared with the conventional method at r th = 1. The consumed energy uniformly increases with value of r th as explained in Section III. Considering only the consumed energy of STAs, r th = 1 is the best value.
Moreover, we must consider the delay performance when choosing the r th value. Fig. 7 shows the maximum delay time for the 6000 STAs to transmit versus r th . The maximum delay decreases with an increase in the r th value and converges to the conventional value, which means that the proposed method can be applied to both heavy and light traffic congestion conditions. The heavy traffic condition corresponds to the start of the simulation process, and the light traffic condition corresponds to the state towards the end of the simulation process. Assuming that the permissible increase in the maximum delay is less than 5%, r th should be greater than 1. Considering the foregoing argument, r th = 2 is the optimal value. Using this value in Fig. 6 the consumed energy is reduced to 4.6 kJ, which is less than 10% of the conventional method.
Finally, we evaluate the consumed energy of the proposed method at different conditions where some STAs are active and the others are not. Fig. 8 shows the consumed energy versus the number of active STAs. In this case, r th = 2 is selected according to the above-mentioned discussion. The proposed method reduces the consumed energy of the STAs in all cases. On the other hand, the maximum delay time for all active STAs to finish their transmissions is increased by less than 5%, as shown in Fig. 9 . These results show that the proposed power saving method can be applied to various conditions without parameter adaptation.
V. CONCLUSION
To realize a good throughput and power-efficient M2M network employing the CSMA/CA protocol, this paper has proposed the IEEE 802.11ah based M2M networks employing virtual grouping and power saving methods. To solve the throughput performance degradation caused by contention of many STAs, this paper has shown that virtual grouping with the random AIFSN scheme achieved a good throughput performance. To solve a power consumption problem when the CSMA/CA protocol is used, this paper proposed the power saving method combined with virtual grouping. It enabled power saving in a distributed control manner. The simulation results show that the proposed method reduced the energy consumption of the STAs by 90% within a 5% increase in the delay, compared with the system using the virtual grouping method and the conventional PS-Poll technique.
